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Abstract
We present, for the first time, the six-fold differential decay density expression for
Λ0b → Λ+c `−ν`, taking into account the polarisation of the Λ0b baryon and a complete
basis of new physics operators. Using the expected yield in the current dataset
collected at the LHCb experiment, we present sensitivity studies to determine the
experimental precision on the Wilson coefficients of the new physics operators with
Λ0b → Λ+c µ−νµ decays in two scenarios. In the first case, unpolarised Λ0b → Λ+c µ−νµ
decays with Λ+c → pK+pi− are considered, whereas polarised Λ0b → Λ+c µ−νµ decays
with Λ+c →pK0S are studied in the second. For the latter scenario, the experimental
precision that can be achieved on the determination of Λ0b polarisation and Λ
+
c weak
decay asymmetry parameter is also presented.
1 Introduction
Semileptonic b-hadron decays are highly promising avenues to search for New Physics
(NP) due to their large signal yields and controllable theoretical uncertainties. The hint
of lepton flavour universality violation in B → D(∗)`ν decays [1–8]1 has led to the proposal
of various NP scenarios that could affect decays involving b → c`ν transitions [9–11].
In addition, numerous studies involving B → D(∗)τν decays have shown the effects of
these NP contributions on the corresponding angular distributions [12–18]. Global fits to
b→ cτν transitions have also been conducted to determine the Wilson coefficients of the
NP operators [19–22]. A recent global fit to b → cµν and b → ceν transitions [22] has
∗Corresponding author. E-mail address: Abhijit.Mathad@cern.ch
1As no CP violation is considered in this paper, the inclusion of charge conjugate processes is implied.
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proven that a good sensitivity to various different NP operators can be achieved through
studies of b-meson decays involving lighter leptons in the final state.
The baryonic equivalent of these decays, Λ0b → Λ+c `−ν`, is a good candidate to com-
plement the NP sensitivity of the mesonic counterparts, due to the large production
cross section of Λ0b baryons and the well measured form factors [23–26]. The literature
is rich in studies of the possible effect of NP contributions in unpolarised Λ0b → Λ+c τ−ντ
decays [27–31], as well as in subsequent Λc → Λpi decays [32, 33]. More recently, the
same investigation has been extended to Λ0b unpolarised semileptonic decays to lighter
leptons [33,34].
In this study, we present for the first time an expression for the six-fold differential de-
cay density of Λ0b → Λ+c `−ν` transitions, including the effects of Λ0b polarisation and all the
relevant NP contributions which are encapsulated by Wilson coefficients. These decays
can currently be studied only at the LHCb experiment and present several experimental
challenges. On one side, in the Λ0b → Λ+c τ−ντ case multiple missing neutrinos in the final
state drastically dilute the resolution on the kinematic variables in addition to contribu-
tions from irreducible backgrounds (such as feed-down Λ0b → Λ+c ∗`−ν` and Λ0b → Λ+c Xc,
where Xc is a charmed meson). Furthermore, Λ
0
b → Λ+c e−νe decays are challenging to
reconstruct at LHCb due to the poor electron reconstruction efficiency [35]. Therefore,
we conduct sensitivity studies to determine the experimental precision on the Wilson co-
efficients with Λ0b → Λ+c µ−νµ channel in two different scenarios, using the expected yield
from Run I and II data collected at the LHCb experiment.
In the first scenario, the Λ0b is unpolarised and the Λ
+
c decay kinematics are integrated
over and is assumed to be reconstructed using the Λ+c →pK−pi+ channel. This is an
experimentally favourable signature due to the presence of three charged particles in the
final state and the large branching fraction, which ensure a cleaner reconstruction with
small background contributions at LHCb.
In the second scenario we allow for a non-zero Λ0b polarisation, with a subsequent
Λ+c → pK0S decay accounting for the involved kinematics of the process. The interest in
this case lies in the achievable sensitivity not only to the polarisation of Λ0b (PΛ0b ), but also
to the Λ+c decay asymmetry parameter (αΛ+c ). So far, at the LHC no hint for a non-zero
value of PΛ0b has been observed [36–38], whereas the Λ
+
c decay asymmetry has been very
recently measured at the BESIII experiment, but with a large uncertainty [39]. Therefore,
we present an estimate on the experimental precision which could be achieved on PΛ0b and
αΛ+c at the LHCb, relying on the large signal yields of semileptonic decays.
The paper is organised in the following way. In section 2, the effective Lagrangian
expression for b → clν transitions is reported, including all the relevant NP operators.
The decay amplitude of Λ0b →Λ+c (→p K0S)(`−ν`) is presented in section 3. Section 4
contains the expression for the six-fold differential decay density for the polarised Λ0b →
(pK0S)(`
−ν`) decays in the context of NP. In section 5, the results of the sensitivity studies
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undertaken on the Wilson coefficients in the two working assumptions are reported. The
conclusions of this work are given in section 6.
2 Effective Lagrangian for b→ clν
The most generic effective Lagrangian of the four-fermion interaction, extending the Stan-
dard Model (SM) within the NP scenario and governing semileptonic b→ clν transitions,
is given by:
Heff = 4GF√
2
Vcb
[
(1 + CVL)OCVL + CVROCVR + CSLOCSL + CSROCSR + CTLOCTL
]
+ h.c. ,
(1)
where the four-fermion operators OCi are defined as:
OCVL = c¯LγµbL ¯`LγµνL ,
OCVR = c¯RγµbR ¯`LγµνL ,
OCSL = c¯RbL ¯`RνL ,
OCSR = c¯LbR ¯`RνL ,
OCTL = c¯RσµνbL ¯`RσµννL .
Here the factors CVL,R , CSL,R , CTL denote the Wilson coefficients of their respective op-
erators, that take a value of zero within the SM. The symbol ` represents the lepton
flavour involved in the interaction. It is noted here that the right-handed tensor operator
OTR = q¯LσµνbR τ¯RσµννL vanishes [13]. As in the case of SM, we assume the absence of
right-handed ν` and left-handed ν`
2. Since the flavour of the neutrino is not observed,
neutrino mixing effects are also not considered.
3 Decay amplitude
The transition matrix elements for Λ0b → (pK0S)(`−ν`) can be expressed as the product of
amplitudes of unstable particles involved in the decay, i.e. Λ0b , Λ
+
c , W
∗−:
T
λΛb
λl,λν` ,λp,λK0S
=
4GFVcb√
2
BW (m2pK0S
)
∑
i,λΛc ,λW
T
i,λΛb
λΛc ,λW
T i,λWλl,λν`
T
i,λΛc
λp,λK0
S
. (2)
In Eq.(2), the term q2 denotes the squared transferred four momentum, defined as q2 =
(PΛb−PΛc)2 = (P`−+Pν`)2; mpK0S is the combined mass of the system pK0S; GF represents
the Fermi constant; the index λ refers to the helicity of the particle involved in the
transition. The propagator term for intermediate Λ+c particle is parametrised as the
2Operators involving right-handed neutrino are considered in Ref. [40, 41]
3
relativistic Breit-Wigner and is denoted by BW . Using the narrow-width approximation
for BWΛc , the m
2
pK0S
dependence is integrated out in the expression of the differential
decay density. In Eq.(2), we have also summed over i, denoting the operator Oi (Eq.(1))
involved in the transition, and the helicities of the intermediate unstable particles. In
the following the helicity index λK0S is dropped as it is null and λν` is fixed to 1/2 for Λ
0
b
decays (or λν` = −1/2 for Λ0b decays). Since the weak decay of Λ+c → pK0S involves the
charged current transition of c →sud, we express the total decay density in terms of the
weak decay asymmetry parameter, αΛ+c [39].
The transition amplitude shown in Eq.(2) can be expanded in terms of the helicity
amplitudes of the involved decay processes as follows:
T
λΛb
λl,λp
=
4GF |Vcb|√
2
BW (m2pK0S
)[ ∑
λΛc ,λW
ηλW
( ∑
j=SM,CVL ,CVR
H
j;λΛb
λΛc ,λW
)
LSM ;λWλl G
λΛc
λp
+
∑
λΛc
( ∑
k=CSL ,CSR
H
k;λΛb
λΛc
)
L
CSL
λl
G
λΛc
λp
+
∑
λΛc ,λW ,λ
′
W
ηλW ηλ′WH
CTL ;λΛb
λΛc ,λW ,λ
′
W
L
CTL ;λW ,λ
′
W
λl
G
λΛc
λp
]
. (3)
Here H, L and G represent the helicity amplitudes of Λ0b , W
∗− and Λ+c decays, respectively,
retaining dependence on all the angular degrees of freedom. In this study the two lowest
allowed spins for W ∗−, i.e. (JW = 0, λW = 0) and (JW = 1, λW = −1, 0, 1), are being
considered. To distinguish the former helicity configuration from the latter, we denote
λW = t when JW = 0. The term ηλ denotes a metric factor that originates when we
replace the metric tensor with the polarisation vectors of the virtual W ∗− i.e. gµν =∑
λ ηλ
†µ(λ)ν(λ) where η0,±1 = −ηt = −1.
The hadronic amplitudes expressed above in Eq.(3) are related to those involving
vector (V), axial-vector (A), scalar (S), pseudo-scalar (PS), tensor (T) and pseudo-tensor
(PT) currents through the following relations:
H
SM ;λΛb
λΛc ,λW
=
1
2
(H
V ;λΛb
λΛc ,λW
−HA;λΛbλΛc ,λW ) , (4)
H
CVL ;λΛb
λΛc ,λW
=
CVL
2
(H
V ;λΛb
λΛc ,λW
−HA;λΛbλΛc ,λW ) , (5)
H
CVR ;λΛb
λΛc ,λW
=
CVR
2
(H
V ;λΛb
λΛc ,λW
+H
A;λΛb
λΛc ,λW
) , (6)
H
CSL ;λΛb
λΛc
=
CSL
2
(H
S;λΛb
λΛc
−HPS;λΛbλΛc ) , (7)
H
CSR ;λΛb
λΛc
=
CSR
2
(H
S;λΛb
λΛc
+H
PS;λΛb
λΛc
) , (8)
H
CTL ;λΛb
λΛc ,λW ,λ
′
W
=
CTL
2
(H
T ;λΛb
λΛc ,λW ,λ
′
W
−HPT ;λΛbλΛc ,λW ,λ′W ) . (9)
4
In Appendix A the expressions for these amplitudes are provided in the rest frame of
Λb, where Λc momentum has spherical coordinates (p
[Λb]
Λc
, θ
[Λb]
Λc
, φ
[Λb]
Λc
= 0). In further
discussions, we drop superscript ‘[Λb ]’ for brevity, specifying that the quantity has been
defined in the Λ0b rest frame.
The polar angle and momentum of Λ+c in this frame are depicted in Figure 1. It is
worth noting that these hadronic helicity amplitudes are functions of q2 and θΛc .
xˆ = yˆ × nˆ
yˆ = nˆ× pˆ [Λb]Λc
zˆ = nˆ = pˆ [lab]Λb × pˆBeam
pˆ [lab]Λb
pˆBeam
pˆ
[Λb]
Λc
θΛc Λb rest frame
Figure 1: Pictorial representation of the frame (xˆ,yˆ,zˆ) in which the hadronic helicity am-
plitudes related to Λ0b →Λ+c W ∗− decay are defined. The axis nˆ represents the polarisation
axis of Λ0b , chosen to be perpendicular to the production plane (pˆ
[lab]
Λb
× pˆBeam).
The leptonic amplitudes, shown in Eq.(3), are defined as:
LSM ;λWλl =
1
2
µ(λW )u¯l(λl)γµ(1− γ5)νν¯l , (10)
L
CSL
λl
=
1
2
u¯l(λl)(1− γ5)νν¯l , (11)
L
CTL ;λW ,λ
′
W
λl
=
−i
2
µ(λW )
ν(λ′W )u¯l(λl)σµν(1− γ5)νν¯l . (12)
Here u¯l, νν¯l and 
µ represents the particle helicity spinor of the lepton, the anti-particle
helicity spinor for neutrino and the polarisation vector of W , respectively. In Appendix B,
we present the expressions for the leptonic amplitudes defined in the helicity frame of
W ∗− 3, (xˆ`,yˆ`,zˆ`), where the `− momentum has spherical coordinates (p
[W ]
` , θ
[W ]
` , φ
[W ]
` ). As
before, the superscript ‘[W ]’ is dropped in further discussions for brevity. The angles
and momentum of the `−, defined in the W ∗− helicity frame, are shown in Figure 2. The
leptonic helicity amplitudes expressed above are functions of q2, θl and φl.
3In the decay of A→ BC, the helicity frame of A forms the rest frame of A in which the z-axis is in
the direction of its polarisation axis. The latter is chosen to be in direction of the momentum of A in the
rest frame of its parent particle.
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W ∗ Λc
nˆ
θΛc
Λb
Λb rest frame
zˆp = pˆ
[Λb]
Λc
yˆp = nˆ× pˆ [Λb]Λc
pˆ [Λc]p
xˆp = yˆp × zˆp
θp
xˆl = −xˆp
pˆ [W
∗]
l
yˆl = zˆl × xˆl
zˆl = pˆ
[Λb]
W∗
θl
xˆp
yˆl = yˆp
xˆl
φl φp
pˆ [Λc] Tppˆ
[W∗] T
l
Figure 2: Pictorial representation of W ∗− helicity frame (xˆl,yˆl,zˆl) and Λ+c helicity frame
(xˆp,yˆp,zˆp). (Top) The unit vectors pˆ
[Λb]
W and pˆ
[Λb]
Λc
denote the direction of propagation of
W ∗− and Λ+c in the Λ
0
b rest frame, respectively. (Bottom) The unit vector pˆ
[W ]T
l and pˆ
[Λc]T
p
denote the direction of the transverse momentum components of `− and p in W ∗− and
Λ+c helicity frames, respectively.
The amplitudes corresponding to the weak decay Λ+c → pK0S are given as:
G
λΛc
λp
= D
1/2∗
λΛc ,λp
(φp, θp,−φp)gλp , (13)
where gλp denotes the rotationally invariant amplitude of the Λc decay, defined in the rest
frame of Λc with the proton moving in positive direction of the z-axis. The Wigner-D
elements, D
1/2∗
λΛc ,λp
, specify the rotation of the helicity states into the helicity frame of Λc.
In this frame, the proton momentum has spherical coordinates (p
[Λc]
p , θ
[Λc]
p , φ
[Λc]
p ). The
superscript ‘[Λc ]’ in further discussions is omitted for brevity. As noted above, after
incoherent sum over λp, we can express the decay density in terms of the weak decay
asymmetry parameter αΛ+c , through the substitution:
|g+ 1
2
|2
∧
=
|g+ 1
2
|2∑
λp
|gλp|2
=
1
2
(1 + αΛc) , |g− 1
2
|2
∧
=
|g− 1
2
|2∑
λp
|gλp|2
=
1
2
(1− αΛc) . (14)
The expressions for the amplitude shown in Eq.(13), when expanding out the Wigner-D
6
elements, are given in Appendix C.
The transition amplitudes shown in Eq.(2) apply to the Λ0b → (pK0S)(`−ν`) decay
channel. To obtain the amplitude of the CP conjugate process, we complex conjugate
all the Wilson co-coefficients ({C}) that carry the weak phase, change the sign of all the
azimuthal angles involved ({φ}) and change the set of final state particles helicities to
those of their CP conjugate partner {λ¯} [12], i.e.:
TΛ0b→Λ−c `+ν` = TΛ0b→Λ+c `−ν`({λ} → {λ¯}, {φ} → {−φ}, {C} → {C
∗}) .
4 Decay density
The full six-fold normalised angular differential decay density considering the Λ0b polari-
sation effects is given by:
d6Γ =
N
Γ
|T |2dΩ′ , (15)
with
Γ =
∫
(d6Γ/dΩ′)dΩ′ , (16)
N =
G2F |Vcb|2 pl BΛc [pΛc ]
m2
pK0
S
=m2Λc
212pi5m2Λb
√
q2
, dΩ′ = dq2d cos θΛcd cos θpdφpd cos θldφl , (17)
and
|T |2 = (1 + PΛb)
∑
λp,λ`−
|T
λ
Λ0
b
= 1
2
λ`− ,λp
|2 + (1− PΛb)
∑
λp,λ`−
|T
λ
Λ0
b
=− 1
2
λ`− ,λp
|2 ,
= K1(1− PΛb cos θΛc) +K2(1 + PΛb cos θΛc) +K3PΛb sin θΛc . (18)
More details are provided in Appendix D. In Eq. 17, BΛc denotes the branching fraction
of Λ+c → pK0S decay; mΛb and mΛc are the masses of Λ0b and Λ+c ; pΛc , pp and pl denote
the three-momentum magnitudes of Λ+c , proton and lepton respectively, all defined in the
rest frame of their parent particle and expressed in terms of Lorentz invariant quantities
in Eq.(31). In Eq. 18, PΛb refers to the polarisation of Λ
0
b ; the terms Ki depend on all the
phase space observables with the exception of θΛc , which are given in Appendix E.
The expression of the decay density intrinsically depends on the assumptions made
on Λ0b polarisation and Λ
+
c decay kinematics. When Λ
0
b is produced unpolarised and the
two-body decay Λ+c → pK0S is considered, the decay density is independent of cos θΛc and
φp (Eq.(36)), and the variable φl can be expressed in terms of χ, defined as the angle
between pK0S and `
−ν` decay planes. Conversely, if Λ0b is produced polarised and the
degrees of freedom related to Λ+c decay are integrated out, the decay density exhibits
dependence on q2, cos θΛc , cos θl and φl (Eq.(37)), where φl can be expressed in terms of
the angle between the Λ0b polarisation plane (i.e. the one containing nˆ and pˆΛc) and `
−ν`
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decay plane. In the case that the Λ0b baryon is unpolarised and degrees of freedom related
to the Λ+c decay are integrated out, the decay density depends only on q
2 and cos θl.
5 Experimental sensitivity
In this section the sensitivity that can be achieved on the Wilson coefficients, by studying
the differential decay density in different scenarios, is presented.
In the first case, Λ0b baryons are considered to be produced unpolarised. The angular
distribution of the Λ+c decay is integrated over and the q
2 and cos θl distributions are
measured. The expression for the employed fit model is shown in Eq.(39) of Appendix F.
The expected signal yield is determined from Ref. [26], where the Λ+c → pK+pi− decay
mode is adopted. When extrapolated to the current LHCb dataset of 9 fb−1, this gives
7.5M expected signal candidates Λ0b → Λ+c µ−νµ. The abundant signal yield suggests that
the Λ+c → pK+pi− decay mode is the most sensitive to NP operators, as favoured by the
experimental signature.
For the second scenario the Λ+c → pK0S decay is reconstructed and a non-zero polar-
isation of Λ0b is foreseen. In this case, the angles cos θp and φp are additionally included
in the differential decay density and thus the four-dimensional distribution is fitted. The
expression for the complete fit model is shown in Eq.(40) of Appendix F. It is worth
noting that the low reconstruction efficiency of long-lived K0S mesons and the smaller
Λ+c branching fraction translates into a signal yield which is reduced by approximately a
factor 20 with respect to the Λ+c → pK+pi− three-body decay case.
The background level for Λ0b → Λ+c µ−νµ decays is small, as reported in Ref. [26].
Furthermore, the acceptance is not expected to be a strong function of the decay variables
as the muon trigger selection at LHCb is efficient [26]. As a result, these effects are
neglected in the following studies. One aspect that cannot be ignored, however, is the
dilution of resolution on q2 and cos θl variables due the unreconstructed neutrino. To
take this into account, we generate the Λ0b → Λ+c µ−νµ signal sample using Pythia [42,43],
requiring the signal events to be approximately within the LHCb acceptance (i.e. 2 <
η < 5). The Λ0b vertex position is then smeared according a spatial resolution inspired in
Ref. [44]. Data migration between kinematic bins in q2 and cos θl is included in the fit by
convoluting the decay density with a migration matrix, which is described in more detail
in Appendix. G.
In order to assess the sensitivity to the Wilson coefficients, pseudo-experiments have
been generated with the expected signal yield and experimental resolution. A binned
maximum likelihood fit, with 20 bins employed in each dimension, is then performed.
A Gaussian constraint is applied to the Λ0b →Λ+c hadronic form factors, using lattice
QCD results from [24,30]. The 95% CL intervals obtained from this study are compared
with those inferred from B → D(∗)`ν decays [22]. No effects of CP violation have been
8
considered, therefore the Wilson coefficients in this study are assumed to be real.
At first, only one Wilson coefficient at a time is varied; the results are shown in
Fig. 3. As the production fraction of Λ0b decays has a relatively large uncertainty [45],
the normalised differential distribution is fitted which has no sensitivity to the Wilson
coefficient CVL and the CKM matrix element Vcb. The sensitivity to other NP operators
is expected to be significantly better than that of the current constraints, mainly due to
the huge signal yields expected at LHCb.
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Figure 3: Expected sensitivity to the Wilson coefficients of the NP operators individ-
ually fitted and compared to the constraints obtained from the corresponding mesonic
semileptonic decays [22]. As done in Ref.( [22]), we define here C˜i = Ci/(1 + CVL) and
V˜cb = Vcb/(1 + CVL).
The interplay between different Wilson coefficients is explored in Fig. 4 and compared
to Ref. [22]. Large non-Gaussian correlations are observed, affecting both the 2D and
4D differential widths. When all the Wilson coefficients are fitted at once, then the
observed correlations between the tensor and scalar currents become even larger, implying
that contributions from these operators are difficult to disentangle from the explored
distributions alone.
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Figure 4: Two-dimensional sensitivity plot between the Wilson coefficients C˜TL , C˜SL and
C˜SR when compared to the limits obtained from mesonic semileptonic decays [22]. As
done in Ref.( [22]), we define here C˜i = Ci/(1 + CVL).
The four-dimensional decay density distribution involving Λ+c → pK0S is sensitive to
both the PΛ0b and αΛ+c . A comparison of the results of this study with existing measure-
ments from BES III [39] and LHCb [36] is illustrated in Fig. 5. The expected sensitivity
to αΛ+c is currently a world-leading value, whereas the sensitivity to PΛ0b is slightly less
precise than previous measurements [36–38], but could be improved in the future with a
full angular analysis of Λ0b →Λ+c (→pK0S)µ−νµ decays. A summary of the sensitivity for
the various cases can be found in Table 1.
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Figure 5: Sensitivity on PΛ0b and αΛ+c as obtained from a four-dimensional fit to the
Λ0b → Λ+c (→ pK0S)µν differential distribution.
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Table 1: The 68% confidence intervals for the parameters of interest for various cases.
Free parameters pK0S case pK
−pi+ case
CVR 0.005 0.001
CSR 0.046 0.018
CTL 0.020 0.007
CSL 0.091 0.039
PΛ0b 0.13 –
αΛ+c 0.003 –
6 Conclusions
In this study a general expression for the effective Lagrangian governing b → clνl tran-
sitions has been considered, including NP contributions through a complete basis of
dimension-six operators and assuming only left-handed neutrinos. Using this formal-
ism, we presented for the first time an expression for the six-fold differential decay density
for polarised Λ0b → Λ+c `−ν` decays, with subsequent Λ+c →pK0S decay.
In addition, we carried out sensitivity studies to determine the experimental precision
on the Wilson coefficients which can be achieved through the analysis of Λ0b → Λ+c µ−νµ
decays at the LHCb experiment. When considering the integrated Run I and Run II data
samples collected at LHCb. The first case considered was the decay channel Λ0b →Λ+c
(→pK−pi+)µ−νµ, where the 2D distribution in q2 and cos θl was studied. The second
explored scenario focused on Λ0b →Λ+c (→pK0S)µ−νµ decays, including polarisation effects
on the production of Λ0b . At this purpose, the 4D distributions in q
2, cos θl, cos θp and
φp variables were inspected. Since a missing unreconstructed neutrino in the final state
spoils the experimental resolution on q2 and cos θl, in both of the mentioned cases the
resolution effects were folded into the fit model through a migration matrix.
The results of the sensitivity studies show that the best precision on the Wilson coeffi-
cients can be achieved by probing the q2 and cos θl distributions of Λ
0
b →Λ+c (→pK−pi+)µ−νµ
decays collected at LHCb, leading to a good sensitivity to CVR , CTL , CSR and CSL . No
sensitivity is expected to overall global factors, such as Vcb and CVL , as the present study
is performed on the normalised differential decay distributions.
Although no enhanced sensitivity to the Wilson coefficients could be achieved through
the investigation of 4D kinematic distributions of Λ0b →Λ+c (→pK0S)µ−νµ decay channel,
they do however provide a prospect of measuring αΛ+c and PΛ0b . The parameter αΛ+c is
particularly promising, with a precision which is two orders of magnitude smaller than
that measured by the BESIII experiment. The precision on PΛ0b could also be improved
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by performing a full six-dimensional angular analysis. That would require large signal
yields expected at the LHCb upgrades and a different treatment of the resolution.
In this paper we have assumed CP conservation and considered the Wilson coeffi-
cients to be real variables. To further distinguish NP models, one could easily extend
the present study allowing Wilson coefficients to be complex to probe CP violation in
Λ0b → Λ+c µ−νµ decays. The results of the sensitivity studies have been compared to the
model-independent constraints obtained in global fits to B → D(∗)`−ν` semileptonic de-
cays, presented in Ref. [22], and have shown a significant improvement in the achievable ex-
perimental precision. As a consequence, it can be concluded that studying Λ0b → Λ+c µ−νµ
decays at the LHCb experiment will not only lead to a more precise measurement on Λ+c
decay asymmetry parameter, but also allows to place stringent world leading constraints
on the Wilson coefficients of the corresponding NP operators.
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A Hadronic amplitudes of Λ0b →Λ+cW ∗− decay
In this section, we give expressions of the hadronic helicity amplitudes for Λ0b →Λ+c W ∗−
decay. The hadronic matrix elements shown in Eqs.(4–9) are expressed as:
H
V ;λΛb
λΛc ,λW
= †µ(λW )〈Λc, λΛc |c¯γµb|Λb, λΛb〉 ,
H
A;λΛb
λΛc ,λW
= †µ(λW )〈Λc, λΛc |c¯γµγ5b|Λb, λΛb〉 ,
H
S;λΛb
λΛc
= 〈Λc, λΛc |c¯b|Λb, λΛb〉 ,
H
PS;λΛb
λΛc
= 〈Λc, λΛc |c¯γ5b|Λb, λΛb〉 ,
H
T ;λΛb
λΛc ,λW ,λ
′
W
= †µ(λW )†ν(λ′W )〈Λc, λΛc|c¯iσµνb|Λb, λΛb〉 ,
H
PT ;λΛb
λΛc ,λW ,λ
′
W
= †µ(λW )†ν(λ′W )〈Λc, λΛc|c¯iσµνγ5b|Λb, λΛb〉 .
Here ‘†µ’ denotes the polarisation vector of W ∗−. The definitions of the matrix elements
in terms of the form factors are given in Ref. [30].
When considering the transverse polarisation of Λb, the common choice of a Λb rest
frame is the one where the polarisation axis (nˆ) is perpendicular to the production plane,
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i.e.:
zˆ = nˆ = pˆlabΛb × pˆlabBeam , yˆ = pˆΛc × zˆ , xˆ = yˆ × zˆ , (19)
whereˆrefers to the unit vector, the superscript ‘lab’ indicates the lab frame and pˆΛc is
the unit vector of Λc momentum in Λb rest frame (Figure 1). In such a frame, the choice
of azimuthal angle for pˆ
[Λb]
Λc
is arbitrary and is set to zero. Therefore, Λc momentum is
oriented in the direction (θΛc , φΛc = 0) with magnitude pΛc and the virtual W
∗− moves
in the opposite direction, which is (pi − θΛc , pi) with pW ∗− = pΛc .
The generic expression for the polarisation vector, helicity spinors and the represen-
tation of gamma matrices used in this work follow Ref. [46, 47]. We show below the
expression for helicity spinors of Λ0b (uΛb) with mass mΛb , Λ
+
c (uΛc) with mass mΛc and
polarisation vector of W ∗− (µ) in the Λb rest frame.
uΛb(λΛb =
1
2
) =

√
2mΛb
0
0
0
 uΛc(λΛc = 12) =

√
EΛc +mΛc cos
θΛc
2√
EΛc +mΛc sin
θΛc
2√
EΛc −mΛc cos θΛc2√
EΛc −mΛc sin θΛc2
 ,
uΛb(λΛb = −
1
2
) =

0√
2mΛb
0
0
 , uΛc(λΛc = −12) =

−√EΛc +mΛc sin θΛc2√
EΛc +mΛc cos
θΛc
2√
EΛc −mΛc sin θΛc2
−√EΛc −mΛc cos θΛc2
 ,
µ(λW = t) =

EW√
q2
−pΛc sin θΛc√
q2
0
−pΛc cos θΛc√
q2
 , µ(λW = 1) =

0
cos θΛc√
2
−i√
2
− sin θΛc√
2
 ,
µ(λW = 0) =

pΛc√
q2
−EW sin θΛc√
q2
0
−EW cos θΛc√
q2
 , µ(λW = −1) =

0
− cos θΛc√
2
− i√
2
sin θΛc√
2
 ,
where
EΛc =
√
p2Λc +m
2
Λc
, EW =
√
p2Λc + q
2 =
1
2mΛb
( m2Λb − m2Λc + q2) ,
pΛc =
1
2mΛb
√
Q+Q− , Q± = (M2± − q2) , M± = (mΛb ±mΛc) .
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The vector (H
V ;λΛb
λΛc ,λW
) and axial vector (H
A;λΛb
λΛc ,λW
) amplitudes can then be expressed as:
H
V ; 1
2
1
2
,t
= H
V ;− 1
2
− 1
2
,t
= cos
θΛc
2
aV , H
V ; 1
2
− 1
2
,t
= −HV ;−
1
2
1
2
,t
= − sin θΛc
2
aV ,
H
V ; 1
2
1
2
,0
= H
V ;− 1
2
− 1
2
,0
= cos
θΛc
2
bV , H
V ; 1
2
− 1
2
,0
= −HV ;−
1
2
1
2
,0
= − sin θΛc
2
bV ,
H
V ; 1
2
− 1
2
,− = H
V ;− 1
2
1
2
,+
= − cos θΛc
2
cV , H
V ;− 1
2
− 1
2
,− = −H
V ; 1
2
1
2
,+
= − sin θΛc
2
cV ,
H
A; 1
2
1
2
,t
= −HA;−
1
2
− 1
2
,t
= cos
θΛc
2
aA , H
A; 1
2
− 1
2
,t
= H
A;− 1
2
1
2
,t
= sin
θΛc
2
aA ,
H
A; 1
2
1
2
,0
= −HA;−
1
2
− 1
2
,0
= cos
θΛc
2
bA , H
A; 1
2
− 1
2
,0
= H
A;− 1
2
1
2
,0
= sin
θΛc
2
bA ,
H
A; 1
2
− 1
2
,− = −H
A;− 1
2
1
2
,+
= cos
θΛc
2
cA , H
A;− 1
2
− 1
2
,− = H
A; 1
2
1
2
,+
= sin
θΛc
2
cA ,
H
V (A); 1
2
1
2
,− = H
V (A);− 1
2
− 1
2
,+
= 0 , H
V (A); 1
2
− 1
2
,+
= H
V (A);− 1
2
1
2
,− = 0 ,
where the q2 dependent quantities are expressed in terms of the form factors F0,+,⊥ and
G0,+,⊥ as:
aV =
F0
√
Q+M−√
q2
, bV =
F+
√
Q−M+√
q2
, cV =
√
2F⊥
√
Q− ,
aA =
G0
√
Q−M+√
q2
, bA =
G+
√
Q+M−√
q2
, cA =
√
2G⊥
√
Q+ . (20)
Similarly, the scalar (H
S;λΛb
λΛc
) and pseudo-scalar (H
PS;λΛb
λΛc
) amplitudes are given by:
H
S; 1
2
1
2
= H
S;− 1
2
− 1
2
= cos
θΛc
2
aS , H
S; 1
2
− 1
2
= −HS;−
1
2
1
2
= − sin θΛc
2
aS ,
H
PS; 1
2
1
2
= −HPS;−
1
2
− 1
2
= − cos θΛc
2
aP , H
PS; 1
2
− 1
2
= H
PS;− 1
2
1
2
= − sin θΛc
2
aP ,
where
aS =
F0
√
Q+M−
mb −mc , aP =
G0
√
Q−M+
mb +mc
. (21)
The tensor (H
T ;λΛb
λΛc ,λW ,λ
′
W
) and pseudo-tensor (H
PT ;λΛb
λΛc ,λW ,λ
′
W
) amplitudes can be expressed
as follows:
H
T ;± 1
2
± 1
2
,t,0
= H
PT ;± 1
2
± 1
2
,1,−1 = cos
θΛc
2
aT , H
T ;± 1
2
∓ 1
2
,t,0
= H
PT ;± 1
2
∓ 1
2
,1,−1 = ∓ sin
θΛc
2
aT ,
H
T ;∓ 1
2
± 1
2
,t,±1 = H
PT ; 1
2
− 1
2
,0,−1 = − cos
θΛc
2
bT , H
T ;− 1
2
− 1
2
,t,−1 = H
PT ;± 1
2
± 1
2
,0,±1 = − sin
θΛc
2
bT ,
H
T ;− 1
2
− 1
2
,0,−1 = H
PT ;± 1
2
± 1
2
,t,±1 = − sin
θΛc
2
cT , H
T ;∓ 1
2
± 1
2
,0,±1 = H
PT ; 1
2
− 1
2
,t,−1 = − cos
θΛc
2
cT ,
H
T ;± 1
2
∓ 1
2
,1,−1 = H
PT ;± 1
2
∓ 1
2
,t,0
= − sin θΛc
2
dT , H
T ;± 1
2
± 1
2
,1,−1 = H
PT ;± 1
2
± 1
2
,t,0
= ∓ cos θΛc
2
dT ,
H
(P )T ;± 1
2
− 1
2
,t,1
= H
(P )T ;± 1
2
1
2
,t,−1 = 0 , H
(P )T ;± 1
2
− 1
2
,0,1
= H
(P )T ;± 1
2
1
2
,0,−1 = 0 .
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The remaining (pseudo-)tensor amplitudes can be obtained through the relations:
H
T ; 1
2
1
2
,t,1
= −HT ;−
1
2
− 1
2
,t,−1 , H
T ; 1
2
1
2
,0,1
= −HT ;−
1
2
− 1
2
,0,−1 , H
PT ;− 1
2
1
2
,t,1
= −HPT ;
1
2
− 1
2
,t,−1 , H
PT ;− 1
2
1
2
,0,1
= −HPT ;
1
2
− 1
2
,0,−1 ,
H
(P )T ;λΛb
λΛc ,λW ,λ
′
W
= −H(P )T ;λΛbλΛc ,λ′W ,λW , H
(P )T ;λΛb
λΛc ,λW ,λW
= 0 .
In the above expressions, the q2 dependent quantities are given in terms of the tensor
form factors h+, h⊥, h˜+ and h˜⊥ as:
aT = h+
√
Q− , bT =
√
2h⊥M+
√
Q−√
q2
,
cT =
√
2h˜⊥M−
√
Q+√
q2
, dT = h˜+
√
Q+ , (22)
It is worth noting that when θΛc = 0 we recover the expressions as quoted in Ref. [27,28,
30].
The helicity amplitudes presented in this section are expressed in terms of the form
factors F0,+,⊥, G0,+,⊥, h+,⊥ and h˜+,⊥, which are defined in such a way that they corre-
spond to time-like (scalar), longitudinal and transverse polarisation with respect to the
momentum-transfer qµ. An alternate parameterisation of form factors (denoted by f1,2,3,
g1,2,3, f
T
1,2 and g
T
1,2) that are based on the large and small projections of massive fermion
spinors, can often be found in the literature [27,28]. The relation between these two form
factor parameterisation is given in Appendix B of Ref. [48].
B Leptonic amplitudes of W ∗− →`−ν` decay
In this section, we give the expressions of the leptonic helicity amplitudes for W ∗− →`−ν`
decay, shown in Eqs.(10–12). The choice of the lepton azimuthal angle in the W ∗ rest
frame is now fixed by nˆ, i.e. the Λb polarisation axis (Eq. 19):
zˆl = pˆ
[Λb]
W , yˆl = nˆ× zˆl , xˆl = yˆl × zˆl . (23)
Therefore, the lepton `− momentum is oriented in the direction (θl, φl) with magnitude
pl, whereas the neutrino ν` moves in the opposite direction, which is (pi− θl, pi+ φl) with
pν` = pl. This frame of reference is depicted in Figure 2.
We show below the expressions for helicity spinors of `− (ul) with mass ml, ν` (uν¯l)
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and polarisation vector of W ∗− (µ) in the above defined frame:
µ(λW = t) =

1
0
0
0
 , µ(λW = 1) =

0
1√
2
− i√
2
0
 ,
µ(λW = 0) =

0
0
0
−1
 , µ(λW = −1) =

0
− 1√
2
− i√
2
0
 ,
ul(λl =
1
2
) =

√
m+ El cos
(
θl
2
)
eiφl
√
m+ El sin
(
θl
2
)
√
El −m cos
(
θl
2
)
eiφl
√
El −m sin
(
θl
2
)
 , ul(λl = −12) =

−e−iφl√m+ El sin θl2√
ml + El cos
θl
2
e−iφl
√
El −m sin θl2
−√El −ml cos θl2
 ,
vν`(λν` =
1
2
) =

e−iφl
√
pl cos
θl
2√
pl sin
θ
2
−e−iφl√pl cos θl2
−√pl sin θ2
 ,
where
pl =
√
q2v2/2 , El = pl +m
2
l /
√
q2 , v =
√
1− m
2
l
q2
. (24)
The vector and axial-vector amplitudes (LSM ;λW
λl,λν`=
1
2
) are then given by:
LSM ;t1
2
= e−iφlal , L
SM ;0
1
2
= −e−iφl cos θlal ,
LSM ;11
2
= e−2iφl sin θl
al√
2
, LSM ;−11
2
= − sin θl al√
2
,
LSM ;0− 1
2
= sin θlbl , L
SM ;±1
∓ 1
2
= e∓iφl(1± cos θl) bl√
2
,
LSM ;t− 1
2
= 0 .
The scalar and pseudo-scalar leptonic helicity amplitudes (LSLλl ) become:
LSL1
2
= e−iφlbl , L
SL
− 1
2
= 0 . (25)
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The tensor amplitudes (L
TL;λW ,λ
′
W
λl
) are given by:
LTL;t,0− 1
2
= LTL;1,−1− 1
2
= sin θlal , L
TL;0,−1
− 1
2
= LTL;t,−1− 1
2
= eiφl(1− cos θl) al√
2
,
LTL;t,1− 1
2
= −LTL;0,1− 1
2
= e−iφl(1 + cos θl)
al√
2
, LTL;t,01
2
= LTL;1,−11
2
= −e−iφl cos θlbl ,
LTL;t,11
2
= −LTL;0,11
2
= e−2iφl sin θl
bl√
2
, LTL;t,−11
2
= LTL;0,−11
2
= − sin θl bl√
2
.
The rest of the tensor amplitudes can be obtained using the relations:
LTL;λW ,λWλl = 0 , L
TL;λW ,λ
′
W
λl
= −LTL;λ′W ,λWλl . (26)
The q2 dependent terms that appear in the above equations are given by:
al = 2mlv , bl = 2
√
q2v . (27)
We note that the relations obtained here match that of Ref. [30] when φl = 0. As
done in Ref. [30], in the definition of the polarisation vector the Euler angle has been set
to γ = −φl, contrary to γ = 0 as done in Ref. [14]. As a result, the expressions presented
in Ref. [14], differ from ours and those presented in Ref. [30] by an unimportant overall
phase factor, e−pi.
C Hadronic amplitudes of Λ+c → pK0S decay
In this section, we expand out the Wigner-D elements and provide expressions of the
hadronic amplitudes for Λ+c → pK0S decay, which is shown in Eqs.(13). These amplitudes
are defined in the Λ+c rest frame where the choice of azimuthal angle for the proton is
fixed by nˆ defined in Eq.(19):
zˆp = pˆ
[Λb]
Λc
, yˆp = nˆ× zˆp , xˆp = yˆp × zˆp , (28)
Therefore, in this frame, p momentum is oriented in the direction (θp, φp) with magnitude
pp and K
0
S moves in the opposite direction i.e. (pi − θp, pi + φp) with pK0S = pp. A
transformation from this frame to the frame defined in Eq.(23) can be achieved through
rotation by angle pi about yp-axis. This frame of reference is depicted in Figure 2.
The hadronic amplitudes (G
λΛc
λp
), in this frame, are then given by 4
G
1
2
1
2
= cos
θp
2
g 1
2
, G
1
2
− 1
2
= −eiφp sin θp
2
g− 1
2
,
G
− 1
2
1
2
= e−iφp sin
θp
2
g 1
2
, G
− 1
2
− 1
2
= cos
θp
2
g− 1
2
.
4We employ Wigner sign convention, where Wigner-D elements are defined as DJm′,m(α, β, γ) =
e−im
′αdJm′,m(β)e
−imγ with the property DJ∗m′,m(α, β, γ) = (−1)m
′−mDJ−m′,−m(γ, β, α), where α, β, γ are
Euler angles and dJm′,m(β) are small-d Wigner elements.
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D Phase space
The differential decay rate can be written as:
dΓ =
|T |2
2mΛb
dΦ4(PΛb ;Pp, PK0S , Pl, Pν`) (29)
where T denotes the complex transition amplitude, ‘PA’ is the four-momentum of the
particle ‘A’ in Λb rest frame, mΛb is mass of Λ
0
b and dΦ4 is the four-body phase space
element that can be written as the product of two-body phase space elements as follows:
dΦ4 = (2pi)
4δ(4)(PΛb −
4∑
i
Pi)
4∏
i=1
d3pi
(2pi)32Ei
=
dm2
pK0S
2pi
dq2
2pi
dΦ2(PΛb ;PΛc , q) dΦ2(PΛc ; Pˆp, PˆK0S) dΦ2(q; Pˆl, Pˆν`) .
Here m2
pK0S
= (Pp + PK0S)
2, q2 = (Pl + Pν`)
2 andˆdenotes that the four-momenta are now
defined in the rest frame of the parent particle. The two-body phase space is given by:
dΦ2(Pˆi, Pˆj) =
1
24pi2
pi
mij
d cos θi dφi ,
where pi denotes the magnitude of three-momentum of particle i in the ij rest frame. The
full four-body phase space element then becomes:
dΦ4 =
1
214pi8
dm2pK0S
dq2
pΛc
mΛb
d cos θΛcdφΛc
pp
mpK0S
d cos θpdφp
pl√
q2
d cos θldφl , (30)
where pΛc , pp, pl with their corresponding angles are defined in the Λ
0
b , Λ
+
c and W
∗− rest
frames, respectively. These momenta can be expressed as:
pΛc =
√
λ(m2Λb ,m
2
pK0S
, q2)
2mΛb
pp =
√
λ(m2
pK0S
,m2p,m
2
K0S
)
2mpK0S
pl =
q2 −m2l
2
√
q2
, (31)
where λ(a, b, c) = a2 + b2 + c2 − 2(ab+ ac+ bc).
The differential density shown in Eq.(29) then becomes:
dΓ4−body =
pΛc pp pl
215pi8m2ΛbmpK0S
√
q2
|T |2dΩ . (32)
where dΩ = dm2
pK0S
dq2d cos θΛcdφΛcd cos θpdφpd cos θldφl.
In the main text, it is highlighted that the choice of φΛc is arbitrary and has been
set to zero, removing its dependence from |T |2. It can also be seen in Eq.(3) that, for
a given helicity of initial and final state, |T |2 would have dependence on m2
pK0S
through
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the propagation terms BWΛcBW
†
Λc
. Since the total width of Λ+c is far below its mass
(ΓΛc << mΛc), we can use here the narrow width approximation to give:
BWΛcBW
†
Λc
=
pi
mΛcΓΛc
δ(m2pK0S
−m2Λc) . (33)
We can also factor out the term (|g+ 1
2
|2+|g− 1
2
|2) from |T |2 and normalise Λ+c decay density
using the relation:
pp
26pi2m2Λc
(
|g+ 1
2
|2 + |g− 1
2
|2
)
=
BΛcΓΛc
4pi
. (34)
Substituting all the above three relations in Eq.(32) and integrating over m2
pK0S
and φΛc ,
the differential decay density becomes:
dΓ4−body =
pl BΛc [pΛc ]
m2
pK0
S
=m2Λc
210pi5m2Λb
√
q2
|T |2dΩ′ , (35)
where dΩ′ = dq2d cos θΛcd cos θpdφpd cos θldφl and BΛc denotes the branching fraction of
Λ+c → pK0S decay.
When the Λ0b is unpolarised (PΛb = 0), it is clear from Eq.(18), that the dependence
of |T |2 on θΛc is inherently removed. Also the choice of the azimuthal angle φp that was
previously fixed by the definition of the Λ0b polarisation axis (nˆ), now becomes arbitrary.
We therefore set the Λ+c helicity frame (xp, yp, zp) in such a way that angle φp = 0, i.e.
the proton momentum always lies in the xp–zp plane and, as before, xˆl = −xˆp. In this
case, the differential decay density becomes:
dΓ4−body =
pl BΛc [pΛc ]
m2
pK0
S
=m2Λc
28pi4m2Λb
√
q2
[|T |2]PΛb=0,φp=0dΩ′′ , (36)
where dΩ′′ = dq2d cos θpd cos θldφl. Note that with the choice of φp = 0, one can also
express angle φl (Figure 2) in terms of the relative angle between the (pK
0
S) and (`
−ν`)
decay planes, χ. Either of the two relations that are often employed in the literature can
be used, i.e. either φl = pi + mod(2pi)− χ [49] or φl = χ [14] (However, when chosen the
definition should be adopted consistently throughout the analysis).
When integrating out the Λ+c dynamics, the three-body phase space element is con-
sidered. This case is very similar to setting Λ+c decay asymmetry to zero (αΛc = 0), where
the dependency of |T |2 on cos θp and φp is inherently removed. The differential decay
density then takes the form:
dΓ3−body =
pΛc pl
29pi4m2Λb
√
q2
[|T |2]αΛc=0 dΩ′′′ , (37)
where dΩ′′′ = dq2d cos θΛcd cos θldφl. The choice of angle φl in the above case is now fixed
through the choice of W ∗− helicity frame, defined with respect to the Λ0b polarisation
plane (i.e. yˆl = nˆ× pˆΛc). Additionally, if Λ0b is unpolarised, the dependence of
[|T |2]αΛc=0
on cos θΛc and φl is inherently removed, leaving the dependence of decay density on only
q2 and cos θl (with an additional factor 4pi from integration over the element d cos θΛc dφl).
19
E Terms of differential decay density
We present below explicit expressions for Ki terms defined in the full angular differential
density in Eq.(18):
K1 =
1
8
[
cos θp(|g− 1
2
|2
∧
− |g+ 1
2
|2
∧
)
{
− 2(1− cos2 θl)(|I1|2 − 2|I8|2)− 2|I4|2(cos θl + 1)2+
2I∗5 (I5(2 cos
2 θl − 1) + 2I9 cos θl) + 4I∗9 (I5 cos θl + I9)
}
+ 4 cos θl{
|I4|2 + I9I∗5 + I5I∗9
}
+ 2|I5|2
{
|g− 1
2
|2
∧
(cos θp + 1)− |g+ 1
2
|2
∧
cos θp
}
+ |g− 1
2
|2
∧
{
|I1|2 + 3|I4|2+
2|I8|2 + 4|I9|2
}
+ |g+ 1
2
|2
∧
{
|I1|2 + 3|I4|2 + 2|I5|2 + 2|I8|2 + 4|I9|2
}
+ (2 cos2 θl − 1){
− |I1|2 + |I4|2 + 2|I5|2 − 2|I8|2
}]
+
1
2
√
2
[
e−i(φl+φp)
√
1− cos2 θl
√
1− cos2 θp
(|g− 1
2
|2
∧
− |g+ 1
2
|2
∧
)
{
e2iφlI∗1 (I5 cos θl + I9)− e2iφlI8I∗4 (cos θl + 1)+
e2iφp(I1(I
∗
5 cos θl + I
∗
9 )− I4I∗8 (cos θl + 1))
}]
.
K2 =
1
16
[
2|g− 1
2
|2
∧
{
4(1− cos θp)
(
I∗6 cos θl(I6 cos θl + I10) + |I7|2(1− cos2 θl)
)
−
4I∗10(cos θp − 1)(I6 cos θl + I10) + 2(cos θp + 1)
(
|I2|2(1− cos2 θl) + |I3|2
(1− cos θl)2
)}
+ e−iφl
{
4
√
2
√
1− cos2 θl
√
1− cos2 θp(|g− 1
2
|2
∧
− |g+ 1
2
|2
∧
)(
− e2iφl−iφp
{
I2I
∗
6 cos θl + I3I
∗
7 (cos θl − 1) + I2I∗10
}
− eiφp
{
I∗2 (I6 cos θl + I10)+
I7I
∗
3 (cos θl − 1)
})
+ 4eiφl |g+ 1
2
|2
∧
(
2(cos θp + 1)(I6 cos θl + I10)
(I∗6 cos θl + I
∗
10) + (1− cos2 θl)
{
I∗2 (I2 − I2 cos θp) + 2|I7|2(cos θp + 1)
}
+
|I3|2(1− cos θl)2(1− cos θp)
)}]
.
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K3 =
1
16
[
4e−i(2φl+φp)
√
1− cos2 θp(|g− 1
2
|2
∧
− |g+ 1
2
|2
∧
)
{
e2iφp
(
(1− cos2 θl)(I1I∗2 − I4I∗3 )−
2e2iφl
{
(I6 cos θl + I10)(I
∗
5 cos θl + I
∗
9 )− I7I∗8 (1− cos2 θl)
})
+
e2iφl
(
− 2(I5 cos θl + I9)(I∗6 cos θl + I∗10) + (1− cos2 θl)
{
2I8I
∗
7 + e
2iφl(I2I
∗
1 − I3I∗4 )
})}
+
4
√
2e−iφl
√
1− cos2 θl cos θp(|g− 1
2
|2
∧
− |g+ 1
2
|2
∧
)
{
e2iφl
(
I∗1 (I6 cos θl + I10)+
I2(I
∗
5 cos θl + I
∗
9 )− I3I∗8 (cos θl − 1) + I7I∗4 (cos θl + 1)
)
+ cos θl
(
I1I
∗
6 + I5I
∗
2−
I8I
∗
3 + I4I
∗
7
)
+ I1I
∗
10 + I9I
∗
2 + I8I
∗
3 + I4I
∗
7
}
+ 4
√
2e−iφl
√
1− cos2 θl{
e2iφl
(
− I∗1 (I6 cos θl + I10) + I2(I∗5 cos θl + I∗9 )− I3I∗8 (cos θl − 1)− I7I∗4 (cos θl + 1)
)
+
cos θl
(
− I1I∗6 + I5I∗2 − I8I∗3 − I4I∗7
)
− I1I∗10 + I9I∗2 + I8I∗3 − I4I∗7
}]
.
In the above expression, the normalised helicity amplitudes for Λ+c decay, |g− 1
2
|2
∧
and
|g+ 1
2
|2
∧
, can be expressed in terms of the Λ+c weak decay asymmetry parameter given by
Eq.(14).
In all the above expressions the Ii depend on the complex Wilson coefficients and
terms that are functions of q2, i.e.:
I1 = alcA(1 + CVL − CVR)− alcV (1 + CVL + CVR)− 4bl(bT + cT )CTL ,
I2 = alcA(1 + CVL − CVR) + alcV (1 + CVL + CVR) + 4bl(bT − cT )CTL ,
I3 = blcA(1 + CVL − CVR) + blcV (1 + CVL + CVR) + 4al(bT − cT )CTL ,
I4 = blcA(1 + CVL − CVR)− blcV (1 + CVL + CVR)− 4al(bT + cT )CTL ,
I5 = albA(1 + CVL − CVR) + albV (1 + CVL + CVR) + 4bl(aT − dT )CTL ,
I6 = albA(1 + CVL − CVR)− albV (1 + CVL + CVR)− 4bl(aT + dT )CTL ,
I7 = −bAbl(1 + CVL − CVR) + blbV (1 + CVL + CVR) + 4al(aT + dT )CTL ,
I8 = bAbl(1 + CVL − CVR) + blbV (1 + CVL + CVR) + 4al(aT − dT )CTL ,
I9 = aAal(1 + CVL − CVR) + alaV (1 + CVL + CVR)− aP bl(CSL − CSR) + aSbl(CSL + CSR) ,
I10 = aAal(1 + CVL − CVR)− alaV (1 + CVL + CVR)− aP bl(CSL − CSR)− aSbl(CSL + CSR) .
(38)
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Here the q2 dependent terms aV,A,S,P,T,l, bV,A,T,l, cV,A,T and dT are defined in Eqs.(20),(21),(22)
and (27). Note that in literature [28,50], the relations (CSL−CSR) = gP , (CSL+CSR) = gS,
(CVR − CVL) = gA and (CVR + CVL) = gV are often used.
F Decay density for two considered cases
For the first case studied in this paper, we present below the decay density as a function
of q2 and cos θl, after integrating Eq.(15) over all other phase space variables:
d2Γ
dq2 d cos θl
=
N
Γ
[
2pi2
{
cos θl
(
− 2 cos θl(|I7|2 + |I8|2) + 2I∗6 (cos θlI6 + I10)− cos θlI2I∗2 +
(cos θl − 2)I3I∗3 + (cos θl + 2)I4I∗4 + 2I∗5 (cos θlI5 + I9)
)
+ |I2|2 + |I3|2 + |I4|2+
I∗1 (I1 − cos θ2l I1) + 2I∗10(cos θlI6 + I10) + 2I∗9 (cos θlI5 + I9) + 2I7I∗7 + 2I8I∗8
}]
,
(39)
where the q2 dependent terms Ii are defined Eqs.(38). It can be seen from the above
equation that the decay density is independent of PΛb and αΛc . The shape of this decay
density is similar to the case when Λ+c is considered stable and Λ
0
b is unpolarised.
For the second case studied in this paper, we present below the decay density as a
function of q2, cos θl, cos θp and φp, after integrating Eq.(15) over all other phase space
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variables
d4Γ
dω
=
N
Γ
[
1
8
pi
{
− αΛc
√
1− cos θ2pe−iφpPΛb
(
− 2pie2iφp
{
(cos θ2l − 1)I7I∗8
+ (cos θlI6 + I10)(cos θlI
∗
5 + I
∗
9 )
}
− 2pi(cos θ2l − 1)I8I∗7
− 2pi(cos θlI5 + I9)(cos θlI∗6 + I∗10)
)
− 4(cos θ2l − 1)|I1|2(αΛc cos θp + 1)
+ 4αΛc cos θ
2
l cos θp|I2|2 − 4αΛc cos θ2l cos θp|I3|2
− 8(αΛc cos θp − 1)
(
|I8|2(1− cos θ2l ) + cos θlI∗5 (cos θlI5 + I9)
+ I∗9 (cos θlI5 + I9)
)
+ 8αΛc cos θ
2
l cos θp|I6|2 − 8αΛc cos θ2l cos θp|I7|2
+ 8αΛc cos θl cos θpI6I
∗
10 + 8αΛc cos θl cos θpI10I
∗
6 + 8αΛc cos θl cos θp|I3|2
+ 4(cos θl + 1)
2|I4|2(αΛc cos θp + 1) + 8αΛc cos θp|I10|2 − 4αΛc cos θp|I2|2
− 4αΛc cos θp|I3|2 + 8αΛc cos θp|I7|2 − 4 cos θ2l |I2|2 + 4 cos θ2l |I3|2
+ 8 cos θ2l |I6|2 − 8 cos θ2l |I7|2 + 8 cos θlI6I∗10 + 8 cos θlI10I∗6
− 8 cos θl|I3|2 + 8|I10|2 + 4|I2|2 + 4|I3|2 + 8|I7|2
}]
, (40)
where dω = dq2d cos θld cos θpdφp and the q
2 dependent terms Ii are defined Eqs.(38). In
the above equation, φp dependence is removed when either PΛb or αΛc is zero. The cos θp
dependence on the above equation only exists when αΛc is non-zero.
G Response Matrix
In this section the migration/response matrix is discussed, which is convolved with the
fit model to account for finite resolution effects on q2 and cos θl variables. It is a four
dimensional object that is a function of the reconstructed and true variables. To obtain
this matrix, we generate a signal sample according to SM using PYTHIA [42, 43] and
require that the signal events lie within the LHCb acceptance of 2 < η < 5. The Λ0b
vertex position is then smeared according the resolution discussed in Ref. [44]. To avoid
any model dependence, we bin the reconstructed and true variables very finely. In this
study a binning scheme of 20× 20× 20× 20 is employed.
The migration matrix of reconstructed (q2rec, cos(θl)reco) versus true (q
2
true,cos(θl)true)
variables is illustrated in Figure 6, where the 2D projections are shown. The effect of
migration is pretty uniform for the q2 variable except for the corners. On the contrary,
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for cos(θl) the migration effects are prominent at lower cos(θl)reco and cos(θl)true values.
In Figure 7, the effects of migration on SM-like Monte Carlo sample are illustrated.
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Figure 6: 2D projection of the 4D migration matrix of reconstructed versus true variables
for (left) q2 and (right) cos(θl).
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Figure 7: (Left) The true distribution of q2 and cos(θl) generated according to SM and
(right) the result of the convolution of the true distribution with the migration matrix.
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